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Fig.1.Manufacturing procedure of the composite 
cheese. Composition of raw milk: fat
 
3.8%,solid not fat 8.72%,specific gravity
 
1.0325, acidity 0.135%, Composite cheese
 
size:20 cm× 30 cm× 8 cm.





































































Fig.3. Adding milled Cheddar cheese curd on the 
pre-pressed Gouda cheese.…(2)




























































Fig.4. Double-layered composite cheese after press 
ing.
-
Fig.5. Salting of the Gouda side of the composite 
cheese.
Fig.6. Changes in acidity during manufacturing of 
the experimental cheese.


















































































































































Fig.8. Changes of acid forming bacteria during 
ripening of Gouda side and Cheddar side
 
of the composite cheese and control
 
Gouda and Cheddar cheeses.













第３小節 窒 素 成 分



































































Fig.9 . Changes in pH of Gouda side and Cheddar 
side during ripening of the composite cheese.
Symbols are ○,△,●, ▲ for Gouda side,

























































Fig.10. Changes in maturity index of Gouda 
side and Cheddar side during ripening
 
of the composite cheese.









Fig.11. Changes  in non-protein-nitrogen
(NPN)of Gouda side and Cheddar side
 
during  ripening  of the composite
 
cheese.












































































Fig.12. Typical chromatogram of standard organic 
acids by High Pressure Liquid Chromato
 
graphy(HPLC).
Peaks are① Orotic acid,② Pyruvic acid,




Fig.13. Chromatograms of organic acids in Gouda side and Cheddar side of the 
composite sheeses by High Pressure Liquid Chromatography(HPLC).
Peaks are 1.Orotic acid,2.Pyruvic acid,3.Lactic acid,4.Acetic acid and
 
5.Propionic acid. Gouda side ripened 30,60,90 and 120 days are①,②,
③ and④,respectively. Cheddar side ripened for 30,60,90 and 120 days
 
are⑤,⑥,⑦ and⑧,respectively.
Table 2. Changes in organic acid contents in Cheddar side of the composite cheese and in
 
control Cheddar cheese.
Control Cheddar  Cheddar side
 
Ripening period (days) 0  30  60  90  120  0  30  60  90  120
 
Lactic acid (%) 0.78 1.08 1.11 0.84 1.05  1.26 1.15 1.08 1.04 1.02
 
Orotic acid (ppm) 12 6 5 6 8 12  12  10 6 13
 
Pyruvic acid (ppm) 30  41  60  56  45  30  30  28  29  30
 
Acetic acid (ppm) 950  950 1020  660 1020  960 1020 1050 1000 1160
 
Propionic acid (ppm) 1200 1200 1400 1800 1700  900 1200 1320 1440 1500
 
Table 1. Changes in organic acid contents in Gouda side of the composite cheese and in
 
control Gouda cheese.
Control Gouda  Gouda side
 
Ripening period (days) 0  30  60  90  120  0  30  60  90  120
 
Lactic acid (%) 0.92  0.88  0.85 0.82 0.72  1.80 0.73 0.38 0.53 0.43
 
Orotic acid (ppm) 12  12  12  12  6  84  30  24  18  12
 
Pyruvic acid (ppm) 72  30  36  38  60  300  120  72  40  70
 
Acetic acid (ppm) 900  965 1020  960  950  1200 1050 1030  750  600
 
Propionic acid (ppm) 900 1080 1200 1260 1210  1080 1020  780  900  820



















































































































































Fig.14. Slab SDS-polyacrylamide gel electrophoresis of Gouda side of the composite 
cheese and control Gouda cheese.
Lane-1,raw milk;Lanes-2～6,Gouda side ripened for 0,30,60,90 and 120
 
days;Lanes-7～11,control Gouda ripened for 0,30,60,90 and 120 days.
























































Fig.15. Slab SDS-polyacrylamide gel electrophoresis of Cheddar side of the compos 
ite cheese and control Cheddar cheese.
Lane-1,raw milk;Lanes-2～6,Cheddar side ripened for 0,30,60,90 and 120
 





















Fig.16. Slab urea-polyacrylamide gel electrophoresis of Gouda side of the composite 
cheese and control Gouda cheese.
Lane-1,raw milk;Lanes-2～6,Gouda side ripened for 0,30,60,90 and 120 days;
Lanes-7～11,control Gouda ripened for 0,30,60,90 and 120 days. a,b and c:See
 
the text.
Fig.17. Slab urea-polyacrylamide gel electrophoresis of Cheddar side of the composite 
cheese and control Cheddar cheese.
Lane-1,raw milk;Lanes-2～6,Cheddar side ripened for 0,30,60,90 and 120
 
days;Lanes-7～11,control Cheddar ripened for 0,30,60,90 and 120 days. a,
b and c:See the text.



































































Fig.20. Two-dimensional electrophoresis of 120 day-ripened Gouda side of the 
composite cheese.
First-dimensional: urea-disc PAGE. Second-dimensional: SDS-PAGE.
Small arrows are explained in the text.
Fig.19 . Two-dimensional electrophoresis of 120 day-ripened control Gouda cheese.
First-dimensional: urea-disc PAGE. Second-dimensional: SDS-PAGE.
Small arrows are explained in the text.










Fig.21. Two-dimensional electrophoresis of 120 day-ripened control Cheddar 
cheese.
First-dimensional: urea-disc PAGE. Second-dimensional: SDS-PAGE.
Small arrow is explained in the text.
Fig.22. Two-dimensional electrophoresis of 120 day-ripened Cheddar side of the 
composite cheese.
First-dimensional: urea-disc PAGE. Second-dimensional: SDS-PAGE.





















































Fig.23. Chromatogram of standard amino acids by amino acid analyzer.
Peak numbers are ① aspartic acid, ② threonine, ③ serine, ④
glutamic acid,⑤ glycine,⑥ alanine,⑦ valine,⑧ methionine,⑨
isoleucine, ⑩ leucine, ? tyrosine, ? phenylalanine, ? lysine, ?
histidine,? arginine.







































Fig.24. Chromatogram of standard proline by 
amino acid analyzer. An arrow indicates
 
proline peak.
Table 3. Changes in free amino acid contents (mg／g cheese) of control Gouda cheese and Gouda side of the
 
composite cheese ripened for 0,30,60,90 and 120 days.
Control Gouda  Gouda side
 
0 days  30 days  60 days  90 days  120 days  0 days  30 days  60 days  90 days  120 days
 
Asp  0.04  0.07  0.13  0.17  0.18  0.04  0.07  0.12  0.18  0.20
 
Thr  0.06  0.15  0.26  0.37  0.40  0.04  0.13  0.24  0.29  0.34
 
Ser  0.07  0.17  0.31  0.44  0.48  0.04  0.14  0.23  0.36  0.35
 
Glu  0.43  1.24  2.15  2.76  2.95  0.26  0.50  1.72  1.73  2.31
 
Pro  0.23  0.28  0.52  0.69  0.81  0.21  0.30  0.57  0.68  0.80
 
Gly  0.03  0.10  0.20  0.30  0.32  0.05  0.08  0.21  0.22  0.30
 
Ala  0.12  0.21  0.35  0.44  0.47  0.07  0.18  0.25  0.39  0.38
 
Val  0.27  0.61  1.32  1.72  1.93  0.11  0.60  1.21  1.68  1.89
 
Met  0.06  0.14  0.29  0.43  0.47  0.04  0.22  0.26  0.37  0.38
 
Ile  0.13  0.22  0.41  0.56  0.63  0.04  0.17  0.22  0.31  0.37
 
Leu  0.52  1.57  2.79  3.44  3.69  0.32  1.36  2.11  3.06  2.98
 
Tyr  0.25  0.40  0.72  0.99  1.11  0.16  0.32  0.34  0.67  0.54
 
Phe  0.29  0.91  1.49  1.79  1.92  0.17  0.81  1.25  1.66  1.75
 
Lys  0.26  0.45  0.83  1.18  1.29  0.20  0.39  0.71  0.86  1.00
 
His  0.05  0.07  0.12  0.17  0.19  0.04  0.05  0.10  0.11  0.13
 
Arg  0.12  0.16  0.15  0.22  0.21  0.06  0.31  0.35  0.25  0.28
 
Total  2.93  6.75  12.04  15.67  17.05  1.85  5.63  9.89  12.82  14.00
 






















































Table 4. Changes in free amino acid contents (mg/g cheese)of control Cheddar cheese and Cheddar side of the
 
composite cheese ripened for 0,30,60,90 and 120 days.
Control Cheddar  Cheddar side
 
0 days  30 days  60 days  90 days  120 days  0 days  30 days  60 days  90 days  120 days
 
Asp  0.03  0.05  0.08  0.15  0.19  0.03  0.04  0.05  0.13  0.13
 
Thr  0.04  0.09  0.12  0.22  0.32  0.05  0.07  0.15  0.23  0.25
 
Ser  0.04  0.10  0.19  0.32  0.48  0.05  0.08  0.16  0.31  0.27
 
Glu  0.39  0.82  0.52  1.68  1.75  0.39  0.54  1.05  1.30  1.87
 
Pro  0.13  0.18  0.26  0.46  0.56  0.09  0.15  0.31  0.36  0.47
 
Gly  0.01  0.06  0.07  0.19  0.23  0.05  0.05  0.14  0.17  0.25
 
Ala  0.07  0.15  0.24  0.35  0.48  0.09  0.14  0.19  0.35  0.29
 
Val  0.21  0.56  0.69  1.52  1.56  0.15  0.34  0.53  1.00  1.28
 
Met  0.04  0.09  0.16  0.31  0.43  0.04  0.08  0.15  0.30  0.27
 
Ile  0.07  0.10  0.17  0.32  0.44  0.06  0.09  0.13  0.27  0.23
 
Leu  0.44  1.25  1.51  3.05  3.43  0.43  0.77  1.08  1.86  2.61
 
Tyr  0.15  0.23  0.38  0.63  0.92  0.14  0.19  0.19  0.30  0.56
 
Phe  0.26  0.87  1.00  1.92  1.92  0.24  0.50  0.58  0.98  1.55
 
Lys  0.16  0.28  0.43  0.78  1.05  0.20  0.24  0.45  0.72  0.81
 
His  0.03  0.04  0.05  0.10  0.13  0.04  0.05  0.08  0.09  0.15
 
Arg  0.09  0.19  0.29  0.17  0.29  0.09  0.20  0.35  0.19  0.55
 
Total  2.16  5.06  6.16  12.17  14.18  2.14  3.53  5.59  8.56  11.54
 
0 days:green cheese before ripening.













































































lactisについて，Van der Zant and Nelson?????は













































Fig.25. Proteolytic activity of cheese extracts from Gouda side and 
Cheddar side of the composite cheese and control Gouda and
 
Cheddar cheese.
Symbols are○,△,●,▲ for 30 days,60 days,90 days and 120
 
days of ripening, respectively. A:control Gouda. B:control
 
Cheddar. C:Gouda side. D:Cheddar side.

















































































































Fig.26. Protein solubility of Gouda side and Cheddar side of the compos 
ite cheese and control Gouda and Cheddar cheese preparations in
 
phosphate buffer (pH7.6)containing some chemicals.
Protein solubility was expressed as percent of the solubilized
 
protein to the total protein. A: control Gouda. B: control
 
Cheddar. C:Gouda side. D:Cheddar side. Symbols are×,○,
△,●, ▲ for phosphate buffer (P). P ＋ urea, P ＋ sodium
 
thiocyanate,P ＋ 2-mercaptoethanol and P ＋ sodium chloride,
respectively.
-






















































Fig.27. Electrophoresis of cheese proteins solubilized with the buffer containing 
0.2M 2-mercaptoethanol.
Lane-1,raw milk;Lane-2～6,control Gouda ripened for 0,30,60,90 and
 
120 days;Lane-7～11,Gouda side of the composite cheese ripened for 0,















Fig.28. Electrophoresis of cheese proteins solubilized with the buffer contain 
ing 0.2M 2-mercaptoethanol.
Lane-1,raw milk;Lane-2～6,control Cheddar ripened for 0,30,60,90
 
and 120 days; Lane-7～11, Cheddar side of the composite cheese
 
ripened for 0,30,60,90 and 120 days.
-
Fig.29 . Electrophoresis of cheese proteins solubilized with the buffer without 
2-mercaptoethanol.
Lane-1,raw milk;Lane-2～6,control Gouda ripened for 0,30,60,90 and
 
120 days;Lane-7～11,Gouda side of the composite cheese ripened for 0,30,
60,90 and 120 days.





















































Fig.30. Electrophoresis of cheese proteins solubilized with the buffer without 
2-mercaptoethanol.
Lane-1,raw milk;Lane-2～6,control Cheddar ripened for 0,30,60,90
 
and 120 days; Lane-7～11, Cheddar side of the composite cheese
 





























Fig.31. Mould for the strain test with Rheometer.
Fig.32. Strain device attached to the Rheometer. Fig.33. Cutting device attached to the Rheometer.
Table 5. Chemical composition of Gouda side and Cheddar side of the composite
 
cheese and control Gouda and Cheddar cheeses ripened for 120days.
composition  Gouda  Cheddar  Gouda side  Cheddar side
 
Moisture(g/100g) 39.5  39.1  40.0  39.8
 
Protein (g/100g) 26.8  23.0  26.2  22.8
 
Fat (g/100g) 30.6  34.8  30.8  34.5
 
Ash (g/100g) 1.8  1.9  1.8  1.8
 
Lactose(g/100g) 1.3  1.2  1.2  1.1
 
Maturity index (%) 27.0  28.0  23.0  24.0
 
NPN/TN (%) 20.7  22.5  18.5  21.3
 
pH  5.31  5.15  5.21  5.18
 
NPN:non-protein-nitrogen.TN:water soluble total-nitrogen.
Maturity index:(water soluble total-nitrogen/total-nitrogen)×100.





























































Table 6. The strain test on the contact point of the surface of Gouda side and Cheddar
 
side of the composite cheese and on the body of control Cheddar cheese.
Cheddar cheese  Composite cheese Physical property  0  30  60  90  120(days) 0  30  60  90  120(days)
Rupture stress (g) 26  39  50  55  57  26  41  54  60  65
 
Tensile strength(g/cm?) 22  62  98  116  120  23  70  112  134  150
 
Hardness (g) 106  1530  2420  3020  3468  110  1690  2880  3260  3502
 
Table 7. Cutting test on Gouda side of the composite cheese and control Gouda cheese.
Control Gouda  Gouda side Physical property  0  30  60  90  120  0  30  60  90  120(days)
Hardness (g) 257  241  222  207  142  256  220? 211? 202  135?
Cutting strength (g/cm?) 32  29  27  23  17  32  27  25  22  16
 















































































Table 8. Cutting test on Cheddar side of the composite cheese and control Cheddar cheese.
Control Cheddar  Cheddar side Physical property  0  30  60  90  120  0  30  60  90  120(days)
Hardness (g) 360  274  247  226  167  357  270  229? 203? 141?
Cutting strength (g/cm?) 45  34  30  28  20  45  34  28? 22? 17?
Cutting energy(erg/cm?) 33067 25706 22311 20524 12926 32918 25012 21993?17975? 13008
?:Difference(P＜0.05)in t-test


















































































Table 9 . Triangle test on the composite cheese.
ripened  combination  panel (n) N
 
A,B,B  30  25???
30  A,A,B  30  25???
A,B,B  30  24???
60  A,A,B  30  23???
A,B,B  30  20???
90  A,A,B  30  21???
A,B,B  30  16?
120  A,A,B  30  16?
???:P＜0.001. ?:P＜0.05. N:number of people which sorted
 
out A and B. A:Gouda side of composite cheese.
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Conditions for manufacturing a cheese product from two different kinds of cheeses (Gouda cheese and
 
Cheddar cheese)without mixing were studied. Initial process was done according to the traditional method
 
of Gouda cheese manufacturing. Subsequently,Gouda type(Gouda side)and Cheddar type(Cheddar side)
cheeses were prepared. By a milled curd of Cheddar type cheese was layered on the pre-pressed Gouda type
 
cheese,and then,pressed to bring a final composite cheese. The green composite cheese was ripened at 8℃
and 85% relative humidity.
The manufacturing process of the composite cheese was not obstructed all the period. At 120 days
 
ripening,the percentages of water soluble total-nitrogen against total-nitrogen in Gouda side and Cheddar
 
side were 23% and 24%, respectively, and those of 12% trichloroacetic acid soluble-nitrogen against
 
total-nitrogen in Gouda side and Cheddar side were 19% and 21%,respectively. pH was increased slowly
 
to 5.21 and 5.18 in Gouda side and Cheddar side,respectively after 120 days. Propionic acid,acetic acid,and
 
orotic acid of Gouda side and lactic acid of Cheddar side decreased significantly throughout the ripening
 
period. The level of decomposition of α?-casein was greater than that of β-casein in Gouda side and
 
Cheddar side of the composite cheese throughout the ripening and the levels were lower than the control
 
cheese (Gouda cheese and Cheddar cheese). Casein degradation was observed as that α??-casein to α??-I-
casein,and that some disruption ofβ-casein. Two-dimensional electrophoresis on the cheeses ripened for
 
120 days showed two spots at the Gouda side and one spot at the Cheddar side of the composite cheese.
Quantitative analysis on free amino acid revealed an appreciable amounts of leucine,glutamic acid,valine
 
and phenylalanine at initial ripening period and an increase during the ripening process. However, total
 
free amino acid concentration in the composite cheese was lower than that in each control cheese. The
 
optimum pH for protease activity of water extracts of the Gouda side ripened for 30～120 days increased
 
from 5.5 to 6.5. The optimum pH of that of the Cheddar side,were 4.5 and 6.0 at 60 days and 120 days,
respectively. An existence of exopeptidases was suggested. Protein-solubility of both side of the compos-
ite cheese and control cheese to phosphate buffer (pH 7.6)containing sodium chloride,sodium thiocyanate,
urea and 2-mercaptoethanol,during ripening of cheese was examined. Solubility to the buffer containing
 
different additives were higher than that to the buffer without additives. The level of solubility varied with
 
the period of ripening and depended on the kind of additives used. Protein solubility of the composite
 
cheese in a NaCl-added buffer solution was slightly lower than that of the control cheese,while the solubility
 
in the buffer containing 2-mercaptoethanol was much lower than that of the control cheese.
Physical properties were measured with the strain test and cutting test. The rupture stress,hardness and
 
tensile strength of the composite cheese at 120 days ripening were 65(g),3502(g)and 150(g/cm?),respective-
ly. These values were greater than those obtained from Cheddar cheese. All the cheese types in this study
 
showed an increase of softness as with decrease in hardness,cutting strength and cutting energy,along with
 
the ripening progress. An increase in the number of measured parameters was significant(P＜0.05)by t-test
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 between 60 and 120 days of ripening,thus the differences in physical properties between the composite cheese
 
and two types of control cheese were confirmed. The sensory evaluation showed that a flavor of the
 
composite cheese at 90 days ripening were kept in both taste and aroma of Gouda cheese or Cheddar cheese.
The composite cheese ripened for 90～120 days gradually lost in both typical taste and aroma of Gouda
 
cheese or Cheddar cheese and seemed to progressively create an original flavor.
Thse results suggested that the method described above was fruitful for making a new variety cheese of
 
hard type cheese.
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